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THE ULTRASTRUCTURE OF THE SKIN OF HUMAN EMBRYOS
IV. THE EPIDERMIS*
KEN HASHIMOTO, M.D., BERNARD G. GROSS, M.D., RICHARD J. DiBELLA, M.D.
AND WALTER F. LEVER, M.D.
In the course of our studies of human embryo
skin (1) we have observed features in the
epidermis which are quite different from adult
epidermis, such as intercellular localization of
glycogen in the basal layer (1) and villous
differentiation of the upper border of the pen-
derm. While this manuscript was being pre-
pared, Breathnach and Wyllie (2) published
an article dealing with the same villi of the
periderm of 12- and 14-week-old human em-
bryos.
The present report offers data concerning
the formation of the embryonic epidermis and
its transformation into normal keratinizing
epidermis based on a comprehensive study
using 12-week- to 22-week-old human embryos.
MATERIALS AND METHODS
Twenty freshly aborted human embryos, 12
to 22 weeks of menstrual age and ranging in size
from 6 to 18 em crown-rump length, were used.
Skin specimens from the palms of the hands,
plantar regions of the soles of the feet, from the
eyebrows and from the scalps were cut into small
pieces and were fixed in a solution consisting of
1% osmium tetroxide buffered to pH 7.5 with
veronal buffer and adjusted to physiological Os-
molarity by the addition of 4.5% sucrose. Speci-
mens of human oral mucosae, were obtained from
the bueeal mucosa posterior to the third molars
of four normal individuals (17 to 50 years of
age), and were processed the same way for com-
parative studies. For small embryos, younger
than 16 weeks old, 0.5% osmium tetroxide buff-
ered to pH 8.0 was used. The specimens were
then dehydrated through a graded series of
ethanols and embedded in Araldite. Sections were
cut on an LKB Ultrotome. All sections were
stained first with 1% uranyl acetate in 50% etha-
nol and then, while they were half-dry, were re-
stained with Reynolds' lead citrate (3, 4). See-
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tions were examined with an RCA EMU-3G elec-
tron microscope.
EESULTS
Since the development of the eccrine sweat
gland germ and the formation of the hair
germ (primary epithelial germ) are reported
elsewhere (1, 5), the description of the stratum
germinativum will be restricted to cells other
than the germ cells.
In embryos 12 uee/rs old (6 cm long), the epi-
dermis consisted of one layer of stratum germi-
nativum, one to three layers of stratum inter-
medium and one layer of periderm (Fig. 1). The
stratum germinativum consisted of densely
packed, relatively small, round- to oval-shaped
cells with rather dense cytoplasm (Fig. 1). They
were anchored on the basement membrane with
their long axes at right angles to it, whereas the
cells in the upper strata lay flat and scattered,
giving the nuclei of the germinative cells an ar-
rangement more closely side by side than those
of the cells of the upper layers (Fig. 1). There
were very few mitoses in the germinative layer
and also in the upper layers. In the stretum
germino livum of 12-week-old embryos glycogen
was found predominantly in the wide intercellu-
lar spaces (Figs. 1, 2). In some well-preserved
specimens these spaces were not only filled with
abundant glycegen, but also with a moderately
electron dense, amorphous or finely granular sub-
stance (Fig. 2). Intercellular glycogen was promi-
nent in the palms and soles (Fig. 2). Germinative
cells contained relatively few tonofilaments, but
more of other organelles such as mitochondria
and Golgi complexes (Fig. 2), than the cells of the
upper layers. Also, they often contained lipid
substances (Figs. 1, 3). In this investigation the
earliest melanocytes in the basal layer were found
in the scalp of a 12-week-old embryo (Fig. 3)
which was the youngest embryo used in this study.
They were found above the basement membrane
and between the germinative cells, and were sur-
rounded by intercellular glycogen whenever it
was preserved (Fig. 3). When the intercellular
glyeogen was dissolved in some specimens during
preparation (Fig. 4), these melanocytes were
clearly seen isolated from the adjacent germina-
tive cells and were not connected to them with
desmosomes (Fig. 4). These melanocytes con-
tained all gradients of maturation of melanin
granules in their melanosomes, a very prominent
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FiG. 1. Survey picture of a 12-week-old embryo epidormis. Relatively small-sized cells
of the stratum germinativum are palisading on the basement membrane (Bm). They con-
tain lipid (1) and are relatively electron-dense. Intercellular spaces are filled with small
dense particles of glycogen (*)• Dendrites of the basal melanocytes (thin arrows) are also
seen in these spaces. Cells of the stratum intermedsum are about twice as large as those of
the stratum germinativum and contain intracellular glycogen (G). In some cells, the cyto-
plasmic area from which glycogen was dissolved, appears empty (g). The periderm also
contains glycogen and shows microvillous borders (thick arrows). From the scalp. X 1980.
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FIG. 2. &ratum germinativum and stratum intermedium of a 12-week-old embryo are
shown. Intercellular spaces are filled with glycogen particles (white G) as well as with a
moderately electron dense, amorphous or finely granular substance (5). Germinative cells
contain Golgi complexes, a small amount of intracellular glycogen (g) and a minimal num-
ber of tonofilaments (t), while intermediate cells contain a relatively large amount of intra-
cellular glycogen (black G) and a moderate number of tonofilaments (T). From the sole.
>< 6205.
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Fm. S. Basal melanocyte of a 12-week-old embryo contains active melanosomes (arrow)
and both mature and premature melanin granules. Injected melanin granules are seen in
the adjoiuing germinative cell (M). This melanocyte is surrounded by intercellular glyeogen(G). Suhepidermal connective tissue consists of wide-open areas and only a small number
of dispersed, thin collagen fibers (C) are seen. Bm: basement membrane. D: desmosomes.
d: half-desmosomes. L: hpid substance. m: mitoehondrsa. rer: rough-surfaced endoplasmic
reticulum. From the scalp. A 6120.
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FIG. 4. A high magnification of basal melanocytes of a 1f2-week-old embryo reveals all
gradients of maturation of sizes and densities of melanin granules. Some of them show
distinct cristae and cross-striations (arrows). Well-developed ribosomes are seen either free
in the cytoplasm (RNP) or attached to endoplasmic reticulum (rer). Bm: basement mem-
brane. C: collagen. D: desmosome which connects two germinative cells but not melano-
cytes. F: dermal fibroblast. G: remnant of intercellular glycogen. M: mitochondria. From
the scalp. X 22,500.
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rough-surfaced endoplasmic reticulum and free
ribosomes, a filamentous substance and some
mitochondria (Fig. 4). Dendrites of these melano-
cytes were often found between germinative cells(Fig. 1) as well as in the upper strata. At this
stage a fairly large number of migrating dermal
melanocytes were found along the developing
dermal capillaries. As the cells in the stratum
germinativum grew upwards to form the stratum
intermedium their cytoplasmic volume seemed to
have increased by almost twice, as surmised from
the picture of the vertical or semi-vertical sec-
tions (Fig. 1), and glycogen was found in an in-
creased amount in the perinuclear cytoplasm
(Fig. 1). In those cells which were not heavily
loaded with glycogen, some regular cellular or-
ganelles were visualized (Fig. 5). In such cells it
was clearly seen that tonofilaments, which were
loosely bundled and only slightly stranded, at-
tached to desmosomal plaques and from these,
spread a short distance into the cytoplasm (Fig.
5). The cells of the stratum intermedium moved
further up to become the pe'riderm, at which level
they still contained a large amount of glycogen,
abundant tonofilaments (Fig. 6) and partially
degenerated organelles (Fig. 6). They were never
observed to contain either keratohyaline gran-
ules or dense kcratin substance, i.e., interfilamen-
tious cement, or a-keratin (Fig. 6). They were still
connected with desmosomes, which appeared to
be more like terminal bars near the surface(Fig. 7). Nuclei were retained in most of the
cells. The superficial border of the cells of the
periderm became thickened up to 160 A and bore
numerous microvilli which showed pinching off(Figs. 6, 7). These villi were covered with a
moderately electron-dense coat which on higher
magnification seemed to be made up of a fuzzy
filamentous structure (Figs. 6, 7). The upper
border of these cells usually contained a band-
like, intricately interwoven meshwork of fine
tonofilaments (Fig. 6). Scattered in this meshwork
of tonofilaments were variously sized pinocytotic
vesicles (Fig. 6). The superficial border of the
peridcrm, therefore, was very similar to the pen-
luminal structure of the embryonic and the adult
eccrine sweat duct, both intraepidermal (1, 4)
and intradermal (6, 4), as well as to the upper-
most layer of the normal human oral mucosa
(Fig. 8) in that all of them contain certain struc-
tures such as microvilli and a periluminal fila-
mentous zone.
In the embryos which were 13 weeks old (7
cm), all the features described above for the 12-
week-old embryo were present with one excep-
tion: the intercellular glycogen in the stratum
germinativum had already diminished or disap-
peared; furthermore the glycogen seen in the
cytoplasm of the germinative cells was pooled
more in the basal portion near the basement
membrane (Fig. 9).
In embryos 14—16 weeks old (8—12 cm), the
epidermis was composed of one layer of stratum
germinativum, two to three layers of stratum
intermedium and a few layers of flattened cells
covering the uppermost layers (Fig. 10). Inter-
cellular as well as intracellular glycogen had dis-
appeared from the stratum germinativum and the
amount of intracellular glycogen of the stratum
intermedium was decreased in comparison with
that of younger embryos (Fig. 10). The upper-
most layers of the epidermis showed a mixture of
completely keratinized cells, and some flattened
but not yet keratinized cells (Fig. 10). Where the
completely keratinized cells were present, the
subjacent cells showed small keratohyaline gran-
ules (Fig. 11). Those cells which were flattened
but not yet kcratinized often retained nuclei
(Fig. 12), contained condensed masses of glyco-
gen particles (Fig. 13), and still bore microvilli
on their outer surfaces (Figs. 11, 12). These micro-
villi were also covered with the previously de-
scribed fine fuzzy coat (Fig. 11). Since the tono-
filaments were densely and evenly distributed in
the flattened cells, the tonofilamentous meshworks
in the cytoplasm no longer appeared as bands
along the upper border and the numbers of small
pinocytotic vesicles had markedly decreased. The
tonofilaments filling these cells appeared much
more coarse, stiffer and shorter (Fig. 13) than
those in the periderm of the younger embryos.
It therefore appears likely that these flattened
but non-keratinized cells represented the transi-
tional form between peridermal and completely
keratinized cells, and that they were eventually
shed and replaced by the subjacent, completely
keratinized cells (Figs. 10, 11, 12). The complete
keratinization took place first around the hair
canal (Fig. 13) where all intergrades of keratini-
zation were observed. The number of membrane-
coating granules (7, 8) was small (Figs. 11—14)
but some intercellular spaces of the upper strata
were filled with a slightly electron-dense amor-
phous material or cellular debris (Fig. 14). It was
not certain whether these substances were de-
rived from the membrane-coating granules, al-
though the plasma membranes became definitely
thickened in the upper layers (Fig. 14). Other
features were essentially the same as described in
the younger embryos.
In embryos 17 to 22 weeks old (13—18 cm) all
the layers of the epidermis became essentially
the same as in adult skin. Glycogen, however,
was still present in the squamous cells, particu-
larly in the vicinity of the eccrine sweat duct (1).
DISCUSSION
General Growth Pattern. Unlike the adult
epidermis, the embryonic epidermis is made
up of only 3 to 4 layers in the early stages of
development; and this makes it possible to ob-
serve the whole epidermis with one view when
the survey magnification of the electron micro-
scope is used. As demonstrated in this investiga-
tion, the stratum germinativum was composed
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FIG. 5. Intermediate cells of a 12-week-old embryo which are not heavily masked by
intercellular glycogen show several cellular organelles clearly. Desmosomes (D) are at-
tached by short tufts of tonofilaments which spread only a short distance into the cyto-
plasm. m: mitochondria. N: nucleus. V: villous projection of the cytoplasm. X 6,460.
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FIG. 6. Amniotic border of the periderm consists of (1) slender microvilli (V) which are
covered with fuzzy filamentous substance, (2) a dense band of tonofilaments (T) in which
small vesicles (v) are embedded, (3) degenerated mitochondria (M), and glycogen (G).
X 33,000.
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FIG. 7. An overall view of the periderm reveals a viable cell of the periderm with ap-
parently normal nucleus (N), glycogen (G) and peripheral band of tonofilaments (T).
Amniotic border is studded with numerous microvilli, which on higher magnification (insert)
show thickened plasma membrane and fuzzy extraneous coat. Arrow: terminal bar-like
desmosome. X 10,295. Insert X 21,300.
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FIG. 8. The upper layers of the posterior buccal mucosa of a 17-year-old white male show
several striking similarities to the corresponding areas of a 12-week-old embryo epidermis:
They are (1) an abundant amount of glycogen (G), (2) a minimal number of tonofilaments,
(3) the absence of keratohyaline granules, (4) therefore, no sign of keratinization, and (5)
microvillous borders of the uppermost layer which are covered with extraneous coat. x 4198.
Insert: A periluminal filamentous zone with thickened plasma membrane (160A). Thick
arrows: microvilli with fuzzy filamentous coat. X 21,900.
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FIG. 9. A survey view of a 13-week-old embryo epidermis shows essentially the same fea-
tures as seen in a 12-week-old embryo, such as (1) small palisading germinative cells, (2)
enlarged intermediate cells with abundant intracellular glycogen (G), (3) the absence of
keratohyaline granules and (4) a non-keratinizing uppermost layer (periderm) with micro-
villous borders (thin arrows). However, the amount of glycogen has diminished or disap-
peared from the intercellular spaces of the stratum germinativum, and, instead, has accumu-
lated in the basal portion of individual germinative cells, (thick black arrow). In some cells
empty spaces are seen in the same basal portion out of which glycogen was dissolved (thick
white arrows). d: desmosomes. L: lipid substance. From the eyebrow. X 2,208.
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Fic. 10. A scanning view of a 16-week-old embryo epidermis shows a disappearance of
glycogen from the stratum germinativum (G) and periderm (P) and a marked diminu-
tion of intracellular glycogen (g) in the stratum intermedium (I). The cells of the periderm
become flattened and one of them is completely keratinied (k), while others are not yet
keratinized and still show a microvillous border (arrow). L: lipid substance in germinative
cells. Bm: basement membrane. C: collagen. From the scalp. X 3,103.
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Fm. 11. The cells composing the outermost layers of a 16-week-old embryo are flattened
but still show microvillous borders covered with a fuzzy filamentous coat (thick arrows),
while the subjacent cells show either nuclei (N) or complete keratinization (K); thus a
mixture of various stages of maturation is seen. The cell lying beneath the keratinized
cells show small keratohyaline granules (k) attached by tonofilaments. In the same cell an
empty space (G) is seen, from which glycogen was depleted (cf. Fig. 12). Thin arrows:
membrane-coating granules. From the scalp, X 11,165.
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FIG. 12. The uppermost layers of a 16-week-old embryo consist of several flattened cells,
three of which retain nuclei (N1, N2, N3). One cell is completely keratinized and dense(K) and another one has retained perinuclear glycogen (G) and contains a number of
keratohyaline granules (k). The outermost cell shows microvillous cellular borders (thick
arrows) and a degenerating nucleus (N1) with a persistent nuclear membrane. Thin arrows:
membrane-coating granules. From the scalp. X 6290.
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FIG. 13. Stratified layers of cells surrounding the hair canal are composed of completely
keratinized cells (K), flattened but not yet keratinized cells (F) and cells which contain a
condensed mass of coarse stiff tonofilaments (T) (or keratin filaments) and glycogen (G).
Arrows: membrane-coating granules. A: amniotic debris. N: nucleus. From the scalp of a
16-week-old embryo. >< 10,585.
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Fro. 14. A completely lceratinized cell (K) lies below a less dense and incompletely
keratinized cell (I). The latter reveals stiff and coarse filaments of keratin but there is not
a sufficient amount of interfilamentous cement to make it as electron dense as its subjacent
cell. Intercellular spaces are filled with shgbtly electron dense amorphous and formed
materials. Arrows: membrane-coating granules. G: glycogen. N: nucleus. From the scalp
of a 14-week-old embryo. >< 32,560.
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of relatively small cells which stood densely
packed on the basement membrane, whereas
the cells in the stratum intermedium increased
their volume by almost twice as much and
gradually rotated their long axes and lay flat
in the periderm. From the teleological point of
view, these transformations are the best-fitted
to cover the rapidly expanding surface of the
body of embryos with a minimal number of the
germinative cells. In the adult skin the cells
in the upper strata also flatten and cover more
area in the surface than the underlying basal
cells would cover. This is absolutely necessary in
order to cover round surfaces of the body. How-
ever, the surface ratio between the basal cells
and the horny cells of the adult skin does not
seem to be as great as that of the embryonic
skin,
Glycogen. The skin of human embryos has
been known to contain glycogen which was re-
ported to differ in concentration from region to
region and from week to week (9). The
fine structural localization of glycogen, how-
ever, could not be detected by the light micro-
scope. The intercellular localization of glycogcn
in the stratum gcrminativum was first reported
by us briefly (1) and is now expounded in
this report. It became evident by this investiga-
tion that in early embryonic life glycogcn is
localized in the intercellular spaces of the
stratum germinativum irrespective of the lo-
cations of the body. As the age of the embryos
advanced, glycogen first disappeared from the
stratum germinativum and then from the
periderm soon after the pcriderm started under-
going keratinization. Glycogen remained in the
stratum intcrmcdium, or upper squamous layer,
particularly near the cccrine sweat duct, i.e., in
the poral cpithclium. The significance of the
intercellular localization of glycogen, however,
is not clear. It seems unlikely that such a large
molecule as glycogen is taken into the inter-
cellular spaces of the stratum gcrminativum
across the intact basement membrane. Simi-
larly, it is improbable that intercellular glycogcn
moves into the cytoplasm of the cells of the
upper strata by crossing the plasma membranes
of these cells. Thus, all glycogen in each location
seems to be synthesized de novo from glucose
in situ. It is interesting in this connection that
Scrri, Montagna and Mescon (9) found strong
activity of amylophosphorylase, an enzyme
catalyzing glycogen synthesis from glucose, in
the embryonic epidermis.
Peridernt. In comparison to the adult horny
layer, the cells composing the uppermost layer
of the embryonic epidermis, i.e., the peridcrm,
showed the following differences: (1) the cells
were round and contained many viable organellcs
and glycogen in the early embryonic stages, and
became flattened only in the later stages. (2)
They retained their nuclei throughout. (3)
Keratohyaline granules were not formed, and
the dense interfilamcntous cementing substance,
which has been said to derive partially from
keratohyaline granules (10, 11), was not pres-
ent. (4) The outer border of cells, which was
in direct contact with the amniotic fluid, had
microvillous projections which were coated with
fine, fuzzy filaments.
These features were also found in the cells of
the uppermost layers of normal adult buccal
mucosa and, except for a greater number of
keratohyaline granules and the lack of micro-
villous borders, in the psoriatic skin (12). The
common denominator of these epithelia is a
rapid turnover rate (13). The periderm and
the buccal mucosa furthermore share a common
situation in that they are in constant contact
with fluid, one with amniotic fluid, and the
other with saliva. Therefore, it can be stated
that the peculiar features of the human
embryonic skin, such as the microvillous sur-
face and the lack of differentiation toward
keratinizing epithelium, arc apparent mani-
festations of the cellular adaptation of an
immature epidermis to the environment, and of
a rapid growth rate of the embryonic epidermis.
In the liquid media the microvillous surfaces
seem to be the best fitted form of adaptation
or differentiation for cpithelia since not only the
buccal mucosa, but also eccrinc and apocrinc
ductal epithclia arc studded with similar micro-
villi (1, 4, 6). The epithelium of the amnion is, of
course, no exception (14). In the later de-
velopmental stages, when the speed of the
turnover slows down and the epidermal cells
can take a longer time to differentiate, i.e., to
keratinize completely in preparation for the
extrauterine life, the epidermal cells lose their
adaptive potentiality, simply because dead
horny cells can no longer differentiate.
The detection of melanocytes in the epi-
dermis in 12-week-old embryos is compatible
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with the data of the previous investigators on
prenatal melanocytes in the human epidermis;
Zimmerman and Cornbleet (15) recognized
dendritic melanocytes within the epidermis of
Negroes early in the third fetal month and
Zimmerman and Becker (18) in the eleventh
week. From their data and the presence of
migrating melanocytes in the dermis, it is as-
sumed that these melanocytes found in the
epidermis are of very early settlement.
SUMMAEv
1. In the 12-week-old embryo the epidermis
did not show any sign of keratinization. The
stratum germinativum contained an abundant
amount of glyeogen in the intercellular spaces.
Melanocytes were often detected both in the
dermis and in the epidermis, and they showed
active melanin formation. The periderm re-
tained its nucleus and showed thickened micro-
villous borders which were coated with a fuzzy
filamentous substance. Desmosomes and tono-
filaments were present, but only in small num-
bers. Instead of becoming thick, they arranged
themselves along the amniotic border in the
periderm to form a peripheral band.
2. In the 13-week-old embryo the intercellu-
lar glyeogen in the stratum germinativum had
either diminished or disappeared, while the in-
tracellular glyeogen in the upper layers remained
the same as in the 12-week-old embryo.
3. In embryos 14—16 weeks old the intra-
cellular glyeogen disappeared from the stratum
germinativum, and diminished in the upper
layers. The cells in the upper layers began a
keratinization process just around the hair
canal through a formation of the keratohyaline
granules. Keratinization took place in these
cells individually, so that a mixture of all de-
grees of keratinization was observed.
4. The human posterior buecal mucosa was
found to be very similar to the epidermis of the
12-week-old embryo in the following features:
(1) The nucleus was retained in the cells of the
uppermost layer. (2) Keratohyaline granules
were not formed and no keratinization took
place. (3) Glycogen was present in abundance
in the upper layers. (4) The outer border of
the uppermost cells was thickened and bore
microvillous projections which were covered
with fuzzy filaments.
5. It has been concluded, therefore, that the
mierovillous borders of the periderm and the
lack of keratinization are the manifestations of
cellular adaptation of an immature epidermis to
the environment and of a rapid rate of turn-
over of the embryonic epidermis.
ADDENOUM
After completion of this manuscript, it is
noted that Bonneville published a paper deahng
with the periderm of the human embryo (Proc.
3rd Europ. Reg. Conf. on Elee. Micro., 1965). She
found that the mierovillous borders of the pen-
derm were covered by an extraneous coat of fine
filamentous material. It was emphasized that
similarities exist between the periderm and amni-
otic epithehum, and that the cells of the periderm
are involved in the production and reabsorption
of materials within the amniotic cavity.
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